Low CO2 compensation points have been found to be associated with several unusual characteristics related to photosynthesis. One such characteristic is a prominent, chlorenchymatous vascular bundle sheath in the leaves. It has been suggested that the presence of this sheath in dicotvledons can serve as a means of detecting low C02-compensating species. We collected 88 dicotyledon species The unique leaf anatomy of these photosynthetically specialized dicots is very striking. In fact, Downton and Tregunna (3) reported that the concentration of chloroplasts in the specialized sheath of low C02-compensating dicots was so great that these plants could be identified with the naked eye by detaching a leaf and viewing it against a light source. The leaves showed a dark green reticulum resulting from the high concentration of chloroplasts in the sheath and mesophyll cells surrounding the vascular bundles. In contrast, high C02-compensating dicots, when held to the light, showed a translucent reticulum in the leaves, since no chlorenchymatous sheath was present. The low C02-compensating dicots which they tested all possessed a well developed parenchyma bundle sheath and a definite mesophyll layer arranged radially around the sheath. They suggested that these anatomical features provided a simple and rapid method for identifying low C02-compensating species.
L. the chloroplasts in the prominent vascular bundle sheath differed from the chloroplasts in the surrounding mesophyll cells. The bundle sheath chloroplasts were larger, darker green in color, and very rich in starch. The smaller chloroplasts of the mesophyll cells contained little or no starch.
More recently, certain Gramineae species of tropical origin were discovered to possess a unique pathway for photosynthetic carbon fixation (6, 9) . In these tropical grasses the first products of CO2 fixation were malate and aspartate, whereas in grasses originating in temperate zones the first product of fixation was 3-phosphoglycerate. The malate-and aspartate-producing grasses all had the unique bundle sheath chloroplasts observed by Rhoades and Carvalho. In addition, these grasses had mesophyll cells arranged radially around the vascular bundle sheath (3) .
Species with green, starch-forming bundle sheaths and the C4-pathway for carbon fixation possess several other unusual features. They have a high capacity to fix CO2 (8) , their CO2 compensation concentrations approach 0 Al/liter (15) , they lack photorespiration (16) , their photosynthesis is not suppressed by high 02 concentrations (1), they do not readily metabolize glycolate to C02 (17) , and their bundle sheath chloroplasts have few if any grana (11, 12) . Some or all of these traits have been reported in numerous tropical grasses (3, 10) and in nine dicotyledonous genera representing four families. These genera are: Amaranthus, Froelichia, Gomphrena (Amaranthaceae); Atriplex, Kochia, Salsola, Bassia (Chenopodiaceae); Portulaca (Portulacaceae); and Euphorbia (Euphorbiaceae) (18, 23 , and E. B. Tregunna, private communication).
The unique leaf anatomy of these photosynthetically specialized dicots is very striking. In fact, Downton and Tregunna (3) reported that the concentration of chloroplasts in the specialized sheath of low C02-compensating dicots was so great that these plants could be identified with the naked eye by detaching a leaf and viewing it against a light source. The leaves showed a dark green reticulum resulting from the high concentration of chloroplasts in the sheath and mesophyll cells surrounding the vascular bundles. In contrast, high C02-compensating dicots, when held to the light, showed a translucent reticulum in the leaves, since no chlorenchymatous sheath was present. The low C02-compensating dicots which they tested all possessed a well developed parenchyma bundle sheath and a definite mesophyll layer arranged radially around the sheath. They suggested that these anatomical features provided a simple and rapid method for identifying low C02-compensating species.
The existence of a distinct green sheath surrounding the vascular bundles of leaves in dicotyledons has been reported in numerous species besides those in the nine genera mentioned above. Heinricher (7) reported that Dianthus caryophyllus, Silene inflata (Caryophyllaceae); Centaurea jacea, Centaurea macrocephala (Compositae); Scabiosa ucranica (Dipsacaceae); and Penstemon barbatus (Scrophulariaceae) were species with green bundle sheaths.
Haberlandt (5) referred to chlorenchymatous sheaths as girdle structures and reported them in Spartium junceum, Genista bracteolata (Leguminosae); and Tunica saxifraga (Carophyllaceae).
Solereder (22) reported green sheaths in the four families already known to have photosynthetically specialized types, and also in certain Podalyrieae, Genisteae, Loteae (Leguminosae); Pectis humifusa (Compositae); Heliotropium fruticosum (Boraginaceae); Boerhaavia, Bougainvillea, Phaeoptilum (Nyctaginaceae); Tribulus (Zygophyllaceae); and in certain species of all the genera of Polemoniaceae except Bonplandia.
Sabnis (20, 21) referred to plants with leaf veins that were provided with green bundle sheaths. Diagrams of cross sections of the leaves of these plants showed prominent bundle sheaths and radiating parenchyma. Included in his listing were Farsetia macrantha, Farsetia jacquemontii (Cruciferae); Polycarpaea coryinbosa (Caryophyllaceae); Tribulus terrestris, Tribulus alatus, Zygophyllum simplex, Fagonia cretica (Zygophyllaceae); Cardiospermum halicacabum (Sapindaceae); Crotalaria burhia (Moringaceae); four Indigofera species (Leguminosae); Mollugo Oleaceae and Papaveraceae were of this type.
Metcalfe and Chalk (13) presented a list of dicotyledon families which had leaf veins sheathed by large parenchymatous cells. They included in their list the families which are presently known to contain low C02-compensating species as well as many of the families mentioned above. In addition they listed Aristolochiaceae, Begoniaceae, Campanulaceae, Ceratophyllaceae, Cucurbitaceae, Ficoidaceae, Goodeniaceae, Hippuridaceae, Labiatae, Mimosaceae, Punicaceae, Rosaceae, Salvadoraceae, Selaginaceae, Stylidiaceae, and Ulmaceae.
According to the above listings, many dicotyledons have chlorenchymatous vascular bundle sheaths in the leaves. If such sheaths are always found with the combined photosynthetic characteristics described earlier, many dicotyledons would be expected to have these characteristics, which include a low CO2 compensation point.
MATERIALS AND METHODS
We collected 88 species in the genera or families listed above. Many were grown from seed in 14-hr day length growth chambers. Others were found growing locally and in the University's tropical and desert greenhouses and medicinal gardens.
We made CO2 compensation measurements on leaves of all these species. This consisted of measuring the CO2 concentration in a closed system containing an illuminated leaf. Measurements were continued until the concentrations approached an equilibrium which was less than 5 JAl CO2 liter or greater than 50 JA CO2 liter. The C02 COMPENSATION AND LEAF ANATOMY leaves were placed in the leaf chamber with their petioles immersed in water and were illuminated by incandescent lamps placed above a water filter. Glass and plastic tubing were used to connect the leaf chamber to a pump which circulated the air in the system through an infrared gas analyzer (Beckman model 215) and back to the chamber. The output from the analyzer was recorded with a Sergeant model SR recording potentiometer.
The leaves of 74 species were sectioned, and the sections were stained and examined for the presence of bundle sheaths which contained chloroplasts specialized for starch formation. The sections were cut on a freezing microtome or by free hand. An 12-KI solution was used to stain for starch. Leaves of the remaining species were examined under a dissecting microscope without sectioning. The epidermis was removed from these leaves, and they were stained with 12-KI and then examined for a network of starch-rich veins.
RESULTS AND DISCUSSION
All the species used in this study are listed in Table I (2, 18) . We found high CO2 compensation points in the Centrospermae order in Bougainvillea spectabilis (Nyctaginaceae); Dianthus carophyllus, Silene pendula, Stellaria media, Tunica saxifraga (Caryophyllaceae); Mesembryanthemum criniflorwn, M. crystallinum, M. cordiflorwn, and M. tricolorum 567 (Aizoaceae). In the Geraniales order we found high CO2 compensation points in Ailanthus altissima (Simaroubaceae) and Larrea tridentata (Zygophyllaceae).
Thus, taxonomic classification of the dicotyledons is not a reliable guide to species with low CO2 compensation points. Also, many species that we tested had high CO2 compensation points yet showed a dark green reticulum in the leaves when held to the light. We therefore found the anatomical method suggested by Downton and Tregunna for determination of photosynthetic type only partly valid. L2-KI staining and microscopical examination was necessary for a definite determination. Descriptions of leaf anatomy may serve as an aid in detecting the presence of photosynthetic specialization but can by no means be conclusive.
